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ABSTRACT 
 
 
 
Heavy metals are among the most important sorts of contaminant in the environment. 
Several methods already used to clean up the environment from these kinds of 
contaminants, but most of them are costly and difficult to get optimum results. Currently, 
phytoremediation is an effective and affordable technological solution used to extract or 
remove metal pollutants from contaminated soil and water. This study was aimed to 
evaluate the potential of 4 types of green plants for phytoremediation purpose and also to 
study the effect of contact time to uptake heavy metals such as Pb, Cd, Cr and Zn. Four 
types of green plants namely Cosmos caudatus (ulam raja), Centella asiatica (pegaga), 
Emilia sonchifolia (bayam praksi) and Oenanthe javanica (daun selom) were selected 
because they are fast-growth plant species, cheap in price and also have a substantial 
supply. Plant materials were acid digested and analyzed with the standard laboratory 
method by using Flame-Atomic Absorption Spectroscopy (AAS) to determine the total 
metal concentrations in plant samples. This study was perhaps one of the first to evaluate 
the feasibility of these green plants species for phytoremediation purpose. Results showed 
that all the studied green plant species possessed different metal concentrations where lead 
appeared to be the most metal being accumulated by C.caudatus (0.905 mg/L), cadmium 
was found to be highly accumulated by O.javanica (0.913 mg/L), chromium highly 
accumulated by C.asiatica (0.340 mg/L) and zinc was the most metal being accumulated by 
E.sonchifolia (2.460 mg/L). It also was found that the percentage of metal uptake by the 
plant increased with the increasing of time. 
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ABSTRAK 
 
 
 
Logam berat merupakan salah satu bahan yang paling penting dalam pencemaran alam 
sekitar. Beberapa kaedah telah digunakan untuk membersihkan alam sekitar daripada 
pencemaran jenis ini, tetapi kebanyakan dari kaedah ini adalah mahal dan sukar untuk 
mendapatkan keputusan yang optimum. Pada masa ini, teknologi phytoremediation adalah 
salah satu penyelesaian yang paling berkesan untuk mengestrak atau mengeluarkan bahan 
pencemar logam dari tanah mahupun air yang tercemar. Kajian ini dijalankan bertujuan 
untuk menilai potensi empat jenis tumbuh-tumbuhan hijau untuk tujuan phytoremediation 
dan juga untuk mengkaji kesan masa terhadap pengambilan logam berat seperti Pb, Cd, Cr  
dan Zn. Empat jenis tumbuh-tumbuhan hijau iaitu ulam raje (Cosmos caudatus), pegaga 
(Centella asiatica), bayam praksi (Emilia sonchifolia) dan daun selom (Oenanthe javanica) 
telah dipilih kerana mereka merupakan spesis tumbuhan yang mempunyai pertumbuhan 
pantas, murah dan mempunyai bekalan yang besar. Tumbuh-tumbuhan ini akan dihadam 
menggunakan asid dan dianalisis menggunakan AAS untuk menentukan tahap kepekatan 
logam dalam sampel tumbuhan. Kajian ini juga mungkin kajian pertama yang 
menggunakan spesis tumbuh-tumbuhan hijau ini untuk tujuan phytoremediation. Keputusan 
menunjukkan bahawa semua spesis tumbuhan hijau ini mempunyai kepekatan logam yang 
berlainan di mana plumbum merupakan logam yang paling tinggi dalam C.caudatus (0.905 
mg/L), kadmium paling tinggi dalam O.javanica (0.913 mg/L), kromium paling tinggi 
dalam C.asiatica (0.340 mg/L) dan zink paling tinggi dalam E.sonchifolia (2.460 mg/L). 
Keputusan juga telah menunjukkan bahawa peratusan pengambilan logam oleh jenis 
tumbuhan ini semakin bertambah seiring dengan pertambahan masa.  
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Background of Study 
 
A major environmental concern due to dispersal of industrial and urban wastes 
generated by human activities is the contamination of soil. Controlled and uncontrolled 
disposal of wastes, accidental and process spillage, mining and smelting of metalliferous 
ores, sewage sludge application to agricultural soils are responsible for the migration of 
contaminants into non-contaminated sites as dust or leachates and contribute towards 
contamination of our ecosystem (Ghosh and Singh, 2005).  
 
A wide range of inorganic and organic compounds will cause contamination 
which includes heavy metals, combustible substances, hazardous wastes, explosives and 
petroleum products. Major component of inorganic contaminates are heavy metals 
(Adriano, 1986 & Alloway, 1990). Inorganic contaminants present a different problem 
than organic contaminants. Soil microorganisms can degrade organic contaminants, 
while inorganic contaminants (heavy metals) need immobilisation or physical removal. 
Although many metals are essential, all metals are toxic at higher concentrations because 
they can cause oxidative stress by formation of free radicals. Another reason why metals 
may be toxic is that they can replace essential metals in pigments or enzymes disrupting 
their function (Henry, 2000). Metal contaminated soil can be remediated by chemical, 
physical and biological techniques (Baker and Walker, 1990).      
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The concept of using plants to clean up contaminated environments (soils, waste 
water, etc.) is not something new because plants were proposed for use in the treatment 
of waste water for about 300 years ago (Hartman, 1975). At the end of 19
th
 Century, 
Alpine Pennycress; Thlaspi caerulescens and Yellow Calamine Violet; Viola 
calaminaria were the first wild flower plant species documented to accumulate high 
levels of metals in leaves (Baumann, 1885). Utsunamyia (1980) and Chaney (1983) were 
reintroduced and developed the idea of using plants to uptake metals from contaminated 
soil and the first field trial on Zn and Cd phytoextraction was conducted in 1991 (Baker 
et al.). 
 
 
1.2  Problem Statement 
 
Basic need of life for every living thing in the world is land and water which are 
very precious natural assets, which rely on the sustainability of agriculture and the 
civilization of mankind. Unfortunately, they have been subjected to maximum utilization 
and severely degraded or contaminated because of human activities. In sequence to 
sustain good quality of soils and waters, and also to keep them free from pollution, 
continuous efforts have been made to build up technologies that are easy to use, 
sustainable and the most important thing is very economical. Physicochemical advances 
have been extensively used to remediate and recover contaminated soils and waters 
especially on small scale (Mukhtar et al., 2010). However, these practises are become 
more complicated for a large scale of remediation due to high costs and side effects.  
  
The use of different plant species for cleaning contaminated soils and waters 
which namely as phytoremediation has gained increasing awareness since last decade, as 
an emerging cheaper technology. In public attitude, phytoremediation technology is 
more favourable due to its potential for cleaning up environment and the overall 
aesthetic perfection of the contaminated sites (Chen & Cutright, 2002; Fayiaga et al., 
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2004). For this study, four different types of green plants were selected to evaluate their 
potential to uptake Pb, Cd, Cr and Zn from contaminated soil.   
 
1.3 Objectives 
 
The objectives of this study are: 
 
1. To evaluate the feasibility or potential of 4 types of green plants which 
are cosmos plant; Cosmos caudatus (ulam raja), asiatic pennywort; 
Centella asiatica (pegaga), Emilia sonchifolia (bayam praksi) and selom 
leaves; Oenanthe javanica (daun selom) for phytoremediation purpose. 
2. To determine the concentration of lead (Pb), cadmium (Cd), chromium 
(Cr) and zinc (Zn) uptake by these plants.  
3. To study the effect of contact time to uptake heavy metal. 
 
 
1.4 Research Scope 
 
This research study covers the determination of heavy metals concentration in 
four types of green plants. The study was focused on 4 types of heavy metals (Pb, Cd, Cr 
and Zn) since they are the most commonly occurring metals at contaminated sites and 
pose a significant impacts to human health. Samples have been collected randomly from 
3 different places to check its average and accuracy in heavy metal uptake. The collected 
samples were washed and dried before digested with solvent dosage. The sample 
solution then will undergo dilution before being analyze using Atomic Absorption 
Spectroscopy (AAS) to determine the concentrations of heavy metals. By using the data 
obtained from AAS, their ability to uptake the heavy metals from contaminated soil will 
be analyzed. This research study also will covers on the effect of contact time to uptake 
heavy metals. 
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CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
 
2.1 Introduction 
 
The increasing use of wide variety of heavy metals in industries and agriculture 
has caused a serious concern of environmental pollution such as soil pollution (Sinhal et 
al., 2010). Soil polluted by heavy metals has increased due to human activities and the 
removal of such pollutants has also been a great concern (Uwumarongie et al., 2008; 
Fang et al., 2006; Agunbiade and Fawale, 2009). Metals contamination is a continual 
problem at many contaminated sites. According to Wuana and Okiemen (2011), heavy 
metals constitute an ill-defined group of inorganic chemical hazards and the most 
commonly occurring metals at contaminated sites are lead (Pb), chromium (Cr), arsenic 
(As), zinc (Zn), cadmium (Cd), copper (Cu) and mercury (Hg). The presence of metals 
in soils can pose a significant threat to human health and ecological systems because 
most of them do not undergo microbial or chemical degradation (Marcus et al., 2006). 
 
Now faced with these overly extensive environmental problems, a cost effective 
means of remediation relevant to the contaminated areas must be found. Several methods 
of conventional remediation technologies such as solidification, soil washing and 
permeable barriers have been used to clean up the environment from these kinds of 
metals but most of them are expensive and not achieve the optimum performance 
(Tangahu et al., 2011). More than that, it has cause further disturbance to the already 
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damaged environment (Henry, 2000). Recent concerns regarding the environmental 
contamination have initiated the development of appropriate technologies to assess the 
presence and mobility of metals in soil (Shtangeeva and Ayrault, 2004), water and waste 
water. Phytoremediation is evolving as a cost effective which can be an alternative way 
to high energy and high cost of conventional methods. It is considered to be a „Green 
Revolution‟ in the field of innovative clean up technologies (Henry, 2000). 
 
 
2.2 Phytoremediation Technology 
 
2.2.1 Overview of Phytoremediation 
 
Phytoremediation is a developing technology that can potentially address the 
problems of polluted areas affected by urban or industrial activities. This technology is 
using the plants to clean up contaminated soil, sludges, sediments, and ground water 
through contaminant removal, degradation and containment (USEPA, 1997). The idea of 
using metal-accumulating plants to uptake heavy metals was first introduced in 1983, but 
the concept has actually been implemented for the past 300 years on waste water 
discharges (Chaney et al., 1997).  
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Figure 2.1: Plant processes leading to environmental remediation 
Source: www.the-scientist.com 
 
 
 
Figure 2.2: Uptake mechanisms on phytoremediation technology  
Source: www.itrcweb.org 
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Five main subgroups of phytoremediation have been identified are: 
 
i. Phytoextraction – plants remove metals from the soil and concentrate 
them in the harvestable parts of plants (Kumar et al., 1995) 
ii. Phytodegradation – plants and associated microbes degrade organic 
pollutants (Burken and Schnoor, 1997) 
iii. Rhizofiltration – plant roots absorb metals from waste streams 
(Dushenkov et al., 1995) 
iv. Phytostabilisation – plants reduce the mobility and bioavailability of 
pollutants in the environment either by immobilisation or by prevention 
of migration (Vangronsveld et al., 1995) 
v. Phytovolatilisation – volatilisation of pollutants into the atmosphere via 
plants (Banuelos et al., 1997)  
 
 
 
Three main strategies that currently exist to phytoextract inorganic materials from soils 
using plants are: 
 
i. Use of natural hyper accumulators 
ii. Enhancement of element uptake of high biomass species by chemical 
additions to soil and plants 
iii. Phytovolatilization of elements – often involves alteration of their 
chemical form within the plant prior to volatilization to the atmosphere 
(McGrath et al., 2002) 
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While for the purposes of phytoremediation, Punshon et al. (1996) suggested that the 
following characteristics were beneficial: 
 
i. Ability to grow on nutrient-poor soil 
ii. Deep root system 
iii. Fast rate of growth 
iv. Metal resistance trait 
 
 
2.2.2 Advantages of Phytoremediation 
 
Phytoremediation has many advantageous features that make it an appropriate 
and successful technology, giving practitioners a valuable option for remediation. A 
significant advantage of phytoremediation is that it can be used either as an in situ or ex 
situ application (Raskin and Ensley, 2000; USEPA, 2000) but in situ applications are 
frequently used as considered applications. It is because this application can minimize 
the soil and surrounding environment disturbance. Other than that, in situ applications 
also can reduce the spread of contamination via air and water bone wastes. Another 
advantage of this technology is that it is a green technology which is environmentally 
friendly and aesthetically pleasing to the public if it is properly implemented (Raskin and 
Ensley, 2000). 
 
Phytoremediation does not require expensive equipment or highly specialized 
personnel, and it is relatively easy to implement. It is capable of permanently treating a 
wide range of contaminants in a wide range of environments. However, the greatest 
advantage of phytoremediation is it offers a low cost method for soil remediation 
compared to conventional clean up technologies (USEPA, 2000; Raskin and Ensley, 
2000) and some extracted metals may be recycled for value (Chaney et al., 1997).  
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2.2.3 Disadvantages and Limitations of Phytoremediation 
 
In contrast to its many positive aspects, phytoremediation technology does have a 
few disadvantages and limitations. It is restricted to the rooting depth of remediative 
plants. Remediation with plants is a lengthy process, thus it may take several years or 
longer to clean up a hazardous waste site, and the contamination may still not be fully 
remediated (USEPA, 2000). The unfavourable climate is another important 
consideration because it can limit plant growth and phytomass production and then will 
decreasing the process efficiency (USEPA, 2000).  
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Table 2.1: Summary of advantages and disadvantages of the phytoremediation 
technology 
Advantages Disadvantages/Limitations 
Amendable to a variety of organic and 
inorganic compounds 
Restricted to sites with shallow 
contamination within rooting zone of 
remediative plants 
In Situ/Ex Situ application May take up to several years to 
remediate a contaminated sites 
In Situ applications decrease the amount 
of soil disturbance compared to 
conventional methods 
Restricted to sites with low contaminant 
concentrations 
Reduces the amount of waste to be 
landfilled (up to 95%) 
Lack of remediating plant species  
In Situ applications decrease spread of 
contaminant via air and water 
Climatic conditions 
Does not require expensive equipment or 
highly specialized personnel  
Introduction to non-native species may 
affect biodiversity  
Low cost compared to conventional 
treatment methods 
Consumption of contaminated plant 
tissue is also of concern 
Easy to implement and maintain  
Environmentally friendly and 
aesthetically pleasing to the public 
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2.3 Sources of Heavy Metals in Contaminated Soils 
 
Heavy metals occur naturally in the soil environment that are regarded as trace 
(<1000 mg kg
-1
) and rarely toxic (Kabata-Pendias and Pendias, 2001; Pierzynski et al., 
2000). Due to the disturbance and acceleration of nature‟s slowly occurring geochemical 
cycle metals by man, most soils of rural and urban environments may accumulate one or 
more of the heavy metals above defined background values high enough to cause risks to 
human health, plants, animals, ecosystems or other media (D‟amore et al., 2005). The 
heavy metals essentially become contaminants in the soil environment because: 
 
i. Their rates of generation via man-made cycles are more rapid relative to 
natural ones 
ii. They become transferred from mines to random environmental locations 
where higher potentials of direct exposure occur 
 
 
Metal-bearing solids at contaminated sites can originate from a wide variety of 
anthropogenic sources in the form of metal mine tailings, disposal of high metal wastes 
in improperly protected landfills, land application of fertilizer, pesticides, coal 
combustion residues, petrochemicals and etc (Khan et al., 2008; Zhang et al., 2010; 
Basta et al., 2005).   
  
 
2.3.1 Fertilizers 
 
Historically, agriculture was the first major human influence on the soil (Scragg, 
2006). To grow and complete the lifecycle, plants must acquire not only macronutrients 
(N, P, K, S, Ca and Mg), but also essential micronutrients. Some soils are deficient in the 
heavy metals such as Zn that are essential for healthy plant growth (Lasat, 2000). Large 
quantities of fertilizers are regularly added to soils in intensive farming systems to 
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provide adequate N, P, and K for crop growth. The compounds used to supply these 
elements contain trace amounts of heavy metals (e.g. Cd and Pb) as impurities, which 
after continued fertilizer application may significantly increase their content in the soil 
(Jones and Jarvis, 1981). 
 
 
2.3.2 Biosolids 
 
 The application of numerous biosolids such as livestock manures and municipal 
sewage sludge to land inadvertently leads to the accumulation of heavy metals such as 
As, Cd, Cr, Pb, Zn, etc in the soil (Basta et al., 2005). Heavy metals most commonly 
found in biosolids are Pb, Ni, Cd, Cr, Cu and Zn and the metal concentrations are 
governed by the nature and the intensity of the industrial activity, as well as the type of 
process employed during the biosolids treatment (Mattigod and Page, 1983). Under 
certain conditions, metals added to soils in applications of biosolids can be leached 
downwards through the soil profile and can have the potential to contaminate 
groundwater (McLaren et al., 2005). 
 
 
2.3.3 Metal Mining and Milling Processes and Industrial Wastes 
 
 During mining process, the heavier and larger particles settled at the bottom of 
the flotation cell during mining which called as tailings are directly discharged into 
natural depressions, including onsite wetlands resulting to elevated concentrations 
(DeVolder et al., 2003). Extensive Pb and Zn ore mining and smelting have resulted in 
contamination of soil that poses risk to human and ecological health. 
 
 
 
 
13 
 
 
2.3.4 Air-borne Sources 
 
 Air-borne sources of metals are including stack or dust emissions of air, gas or 
vapour streams and fugitive emissions such as dust from storage areas or waste piles. 
Some metals such as As, Cd and Pb can be volatize during the high temperature process 
because of its boiling point. These metals will convert to oxides and condense as fine 
particles unless a reducing atmosphere is maintained (Smith et al., 1995).  
 
 
2.4 Background Study of Heavy Metals 
 
2.4.1 Introduction 
 
 In general terms, 'heavy metal' has a higher specific weight that is 8 g/cm
3
. 
Generally, the term heavy metal has been often taken to mean all metals and metalloids 
other than the alkali and alkaline earth elements (Bryan, 1976). This term is frequently 
used in recent years in association with environmental pollution by such elements where 
there are connotations of adverse impact to the receiving media (Wagenet et al., 1978). 
Heavy metals can be dangerous because they cannot be degraded or destroyed but they 
are bio-accumulate. For example, Cd and Ni inhibit stomata activity and decrease 
photosynthesis (Prasad, 1995). On the other hand, Delgado et al. (1993) reported that 
Cd, Cr and Zn can cause neurosis and chlorosis while Cd, Cu Ni and Pb interfere with 
hormonal balance (Rauser and Dumbroff, 1981). 
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2.4.2 Zinc 
 
 Zinc is a lustrous bluish-white metal which is the first element in group 12 of the 
periodic table. It is brittle and crystalline at ordinary temperatures, but it becomes ductile 
and malleable when heated between 110°C and 150°C. It is a fairly reactive metal that 
will combine with oxygen and other non-metals, and will react with dilute acids to 
release hydrogen. 
 
 Zinc (Zn) does not occur naturally in elemental form. It is usually extracted from 
mineral ores to form zinc oxide (ZnO). The primary industrial use for zinc is as a 
corrosion resistant coating for iron or steel (Smith et al., 1995). Zinc usually occurs in 
the +II oxidation state and form complexes with a number of anions, amino acids and 
organic acids. Zinc may precipitate as Zn(OH)2 (s), ZnCO3 (s) or Zn(CN)2 (s).  
 
 
 
Figure 2.3: Zinc 
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Table 2.2: Properties table of zinc 
Phase Solid 
Atomic Weight 65.38 
Density (near r.t.) 7.14 g cm
-3
 
Liquid density at m.p 6.57 g cm
-3
 
Melting point 692.68 K, 419.53 °C 
Boiling point 1180 K, 907 °C 
Heat of fusion 7.32 kJ mol
-1
 
Heat of vaporization 123.6 kJ mol
-1
 
Molar heat capacity 25.470 J mol
-1
 K
-1 
 
 
 Health effects that can be caused by zinc are (Retrieved from 
http://www.lenntech.com/periodic/elements/zn.htm): 
 
i. Stomach cramps, skin irritations, nausea and anaemia 
ii. Liver or kidney damage 
iii. Vomiting and diarrhea are possible symptoms 
iv. Damage the pancreas 
v. Disturb the protein metabolism and cause arteriosclerosis 
vi. Respiratory disorders 
 
 
 The world‟s zinc production is still rising. This basically means that more and 
more zinc ends up in the environment. Environment effects that can be caused by zinc 
are: 
 
i. Water polluted with zinc – it may increase the acidity of waters 
ii. Soil polluted – animals will absorb concentrations that are damaging to 
their health 
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2.4.3 Cadmium 
 
 Cadmium is a lustrous, silver-white, ductile and very malleable metal. Its surface 
has a bluish tinge and the metal is soft enough to be cut with a knife, but it tarnishes in 
air. It is a highly toxic element and has been described as one of the most dangerous 
trace elements in the food and environment of human. This highly toxic non-essential 
metal can accumulate in the kidney of mammals which leads to the kidney dysfunction 
(Fergusson, 1990). Cadmium also is a ever present non-essential element that possesses 
high toxicity and is easily accumulated from the environment by organisms (Rahimi and 
Nejatkhah, 2010).  
 
 Cadmium (Cd) occurs naturally in the form of CdS or CdCO3. Cadmium is 
recovered as a by product from the mining of sulphide ores of lead, zinc and copper. 
Sources of cadmium contamination include plating operations and the disposal of 
cadmium containing wastes (Smith et al., 1995). The form of cadmium encountered 
depends on solution and soil chemistry as well as treatment of the waste prior to 
disposal. The most common forms of cadmium include Cd
2+
, cadmium-cyanide 
complexes or Cd(OH)2 solid sludge (Smith et al., 1995).  
 
 
 
Figure 2.4: Cadmium 
 
 
